Chemical shifts (δ) are quoted in ppm and the multiplicity of each signal is designated by the conventional abbreviations: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad; dd, doublet of doublets. Coupling constants (J) are quoted in Hz.
Mass spectrometry measurements were obtained by electrospray ionization (ESI) with a Perkin
Elmer APII at 5600 eV and recorded by Dr. Fabio Hollan, Department of Chemical and Pharmaceutical Sciences, University of Trieste, Italy.
UV-Visible spectroscopy measurements were recorded on a Shimadzu UV-1800 spectrophotometer.
Thermogravimetric analysis (TGA) were performed on TGA Q-500 V6.3 Build 189 using platinum pans and a heating rate of 10 °C/min up to 1000 °C or on a Netzsch STA 409 using alumina crucibles and a heating rate of 10 °C/min up to 650 °C under a static air atmosphere.
Transmission electron microscopy (TEM) images were obtained with either a Philips EM 208 operating at 100 kV or with a Joel 3010 high resolution electron microscope (1.7 nm point-to-point) operating at 300 keV using a Gatan slow-scan CCD camera (mod. 794).
Dynamic light scattering (DLS) measurements were performed on a Malvern Zetasizer Nano in backscatter mode. Analyses were performed on nanoparticle solutions with concentration of 10 mg/mL or 3.7 mg/mL, using either disposable micro cuvettes or disposable zeta cells (Malvern). The cell positioning factor was set to 0.83 mm and attenuator values of 5 or 9 were auto-optimized as a function of nanoparticles concentration.
ICP-OES:
Total Au and Gd concentrations in the samples, solubilized with 1 mL of aqua regia (mixture HCl:HNO 3 of 3:1) and diluted to 10 mL with MilliQ water, were quantified by means of Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES) using an Optima 8000 instrument (PerkinElmer; USA) equipped with an S10 integrated autosampler (PerkinElmer; USA).
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The measurements were conducted using a calibration curve obtained by dilution of gold and gadolinium standard solutions for ICP-OES analysis (Sigma-Aldrich, Italy). The limit of detection in the obtained solutions at the operative wavelengths (Au 267.595 nm and Gd 376.839 nm) was 0.02 mg L -1 for both Au and Gd. The precision of the measurements expressed as repeatability (as RSD %) for the analysis was always less than 5%. 
Synthesis of

Synthesis of NP-C8TEG
1 Scheme S1: Synthesis of NP-C8TEG.
To a solution of HAuCl 4 (0.0807 mg, 0.205mmol) in 40.35 mL of milliQ water was added a solution of HS-C8-TEG (0.132 g, 0.410 mmol) in 42.1 mL MeOH. The mixture was allowed to stir for 30 minutes and after this time, the solution was cooled at 0 °C and kept at this temperature for 30 min.
To this mixture, a solution of NaBH 4 (0.081 g, 21 mmol) in 5.65 mL of milliQ water was added in 10 seconds and the reaction mixture was allowed to stir for 30 minutes at 0 °C and for 3 hours at room temperature. The solvent was removed and the solid residue washed with diethyl ether (5 x 30 mL),
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the nanoparticles were transferred in two centrifuge tubes and washed with diethyl ether (5 x 30 mL).
The nanoparticles purification was completed by size exclusion chromatography on Sephadex-LH20 using methanol as eluent. 
Synthesis of HS-C8-DO3A
The synthetic strategy for the preparation of the ligand HS-C8-DO3A is summarized in Scheme S2. 
10-bromo-2-hydroxy-decanoic acid ethyl ester, C
To a solution of 10-bromo-2-oxo-decanoic acid ethyl ester (1.2 g, 4 mmol) in 15 mL of MeOH solid NaBH 4 was added under stirring at 0 °C. After 30 minutes, the solvent was removed then the residue was taken-up with DCM (10 mL) and the resulting solution was washed with water (1 x 5 mL). The organic phase was dried over anhydrous sodium sulfate and the solvent was evaporated affording the product as yellowish oil with 85% yield. 
2-Hydroxy-10-tritylsulfanyl-decanoic acid ethyl ester, D 3
To a suspension of NaH (60% dispersion oil, 0.15 g, 3.73 mmol) in dry DMF (3.2 mL) maintained at 0 °C, was added TrtSH (0.939 g, 3.4 mmol). The mixture was allowed to stir for 30 minutes and afterwards a solution of compound C (1 g, 3.4 mmol) in 3.2 mL dry DMF was added. The mixture was left stirring overnight at room temperature and after that a mixture of EP/Ethyl ether = 4/1 was added to precipitate the NaBr. The solid was filtered off and the solution was brought to dryness, the S7 crude was purified by flash chromatography using silica gel, solvent EP/AcOEt = 98/2 giving a yellow oil with a 70 % yield. left stirring overnight at 52 °C. The solvent was removed and the crude product was purified using a flash chromatography using DCM to DCM/MeOH = 98/2 as eluent. The compound K was obtained with a 52% yield. 
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Synthesis of thiol HS-C8-DO3A 6 NaOH 5% (2.6 mL) was added to compound TrtS-C8-DO3A t Bu, F, in 2.5 mL dioxane and the reaction was let to stir for one week adding in this period another 3 mL of NaOH 5%. Then, HCl 10 % was added and the solvent was evaporated. The solid was dissolved in 2 mL of HCl 1M and then extracted with AcOEt/MeOH 1/1 (6 mL). TFA (0.8 mL) was added to this compound (0.05 g, 0.052 mmol) and the solution became deep yellow, the mixture was diluted with 0.5 mL deoxygenated DCM and the reaction was let to stir overnight. Then the solvent was evaporated and to the yellowish solid was added TFA (0.2 mL) (the solution became yellow), TIPS (0.2 mL) (the solution became almost colorless) and deoxygenated DCM (1.5 mL). The reaction was allowed to stir for 2 hours and the solvent was removed in vacuo.
Then the solid was washed five times with hexane, after removal of trace of hexane, a white solid was obtained. In the 1 H -NMR spectra, some small peaks at about 7.1 ppm could be seen and were assigned to the residual presence of triphenylmethane. equiv.) were added and the reaction was allowed to stir at 25 °C for 2 h. The xylenol orange test suggests the complete complexation of the Gd(III). This solution was used for the synthesis of mixed monolayers without further treatments.
Synthesis of HS-C6OF-PEG
2) 
6-Tritylthio-1-paratoluenesulfonylhexane, H
The p-toluenesulfonyl chloride (TsCl) (789 mg, 4.14 mmol) was dissolved under argon atmosphere in 3 mL of dry DCM. The mixture was cooled at 0 °C and added drop wise to a mixture of 6-tritylthio-1-hexanol, G (1.5 g, 3.98 mmol), triethylammine (1.11 mL, 7.96 mmol) in 1 mL of dry DCM. After two hours the reaction mixture was diluted with DCM (30 mL) and water (30 mL). The aqueous layer was extracted with DCM (4 x 30 mL). The organic layers were collected and washed with HCl 6 N (1 x 30 mL), NaHCO 3 5% (2 x 40 mL) and H 2 O (2 x 40 mL), dried over Na 2 SO 4 , filtered and the solvent removed under reduced pressure. The product was purified by flash chromatography, using 
Coupling of H with oxy-fluorinated tetraethylene glycol, giving the compound I
To a solution of perfluorinated tetraethylene glycol (1.383g, 3.382 mmol) in 2 mL of dry dioxane a solution of 6-tritylthio-1-paratoluenesulfonylhexane, H (0.816g, 1.537 mmol) in 2 mL of dry dioxane was added, the addition was completed in 10 minutes. To the reaction mixture, KOH pellets (0.283 g, 5.07 mmol) were added and the reaction mixture was stirred overnight at 100 o C. After the reaction was complete, the residue was dissolved in 30 mL of water and the mixture was extracted with ethyl acetate (5 x 20 mL). The organic phase was then washed with water (2 x 25 mL) and brine (2 x 25 mL) and dried over Na 2 SO 4 , filtered and evaporated under reduced pressure. The product was purified by flash chromatography using hexane/AcOEt 9/1 as eluent. 
TsOPEGOMe, K
A solution of TsCl (789 mg, 4.14 mmol) in 3 mL dry DCM was added drop wise to a mixture of HO-PEG-OMe (2.01 mL, 3.98 mmol) and triethylammine (1.11 mL, 7.96 mmol) diluted with 1 mL dry DCM and kept at 0 °C. The mixture was allowed to stir at room temperature for 18 hours. The mixture was then diluted with in DCM (50 mL) and water (50 mL). The aqueous layer was extracted with DCM (3 x 50 mL). The organic layers were collected,washed with HCl (x mL), NaHCO 3 5% (3 x 30 mL) and H 2 O (3 x 30 mL) and dried over Na 2 SO 4 . After removal of the solvent under reduced pressure, the crude product was purified by flash chromatography using CHCl 3 as eluent. A white solid was obtained in 92% yield. (s, 3H, CH 3 ).
Coupling of I with K giving the compound L
The alcohol TrtS-C6OF-OH, I (0.29 g, 0.377 mmol) was dissolved in 3 mL dry dioxane under Ar atmosphere. At the solution NaH (36.2 mg, 1.508 mmol, previously washed 5 times with petroleum ether) was added and the mixture was stirred for 20 minutes. To the solution TsOPEGOMe, K (0.266 g, 0.377 mmol) dissolved in 2 mL dry dioxane was added over a time period of 10 minutes, the solution became yellow. The reaction mixture was heated under stirring at 50 o C for 18 h, then it was cooled at room temperature and diluted with CHCl 3 . The organic layer was washed with brine (3 x 20 mL) and dried over Na 2 SO 4 . After filtration and removal of the solvent, the product was purified by flash chromatography using CHCl 3 /AcOEt 9/1 as eluent. 
Synthesis of thiol HS-C6OF-PEG
Compound TrtS-C6OF-PEG, L (518 mg, 0.399 mmol) was dissolved in deoxygenated dichloromethane (5 mL) under argon atmosphere. To the mixture, trifluoroacetic acid (0.59 mL, 7.98 mmol) and then triisopropyl silane (0.16 mL, 0.798 mmol) were added. The reaction mixture was stirred at room temperature for 4 hours and then the solvent was removed in vacuo, the residue was co-evaporated with methanol. The crude product was purified by column chromatography over silica gel using chloroform-ethyl acetate 
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Synthesis of HS-C6OF-DO3AGd,
This strategy for the preparation of the ligand HS-C6OF-DO3AGd is summarized in Scheme S4. 
Synthesis of HS-C6OF-DO3A
Trifluoroacetic acid (0.9 mL, 11.8 mmol) was added to a solution of N (0.075 g, 0.059 mmol) in 1 mL of anhydrous DCM; the reaction mixture was allowed to stir overnight. Then the solvent was removed and to the solid residue were added 2 mL anhydrous deoxygenated DCM, 0.28 mL TFA and 0.28 mL of TIPS. The reaction was left stirring for 2h, the solvent was removed and the solid was washed five times with deoxygenated hexane. The solid was dried under argon and the product was obtained as a white solid. Yield 100 %. For all of the samples sample 1 H MRI the parameters of the RARE sequence were setup according to
